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Effects of Certain Alkali Salts on Ammonification 
By P. E. BROWN AND D. R. JOHNSON 
The occurrence of so-called" alkali spots" in certain Iowa soils 
has been nnted in recent pThblications (1 ), (7 ) . rrhese spots are 
found only in the Wisconsin drift soil area, in association with 
peat deposits, and are the result of course of peculiarly poor 
drainage conditions. It is unnecessary here tOo consider further 
the causes of these fnrmations 001' the methods which should be 
followed in reclaiming the areas affected as these points have 
been discussed in the publications referred to. It will be suf-
ficient to call attention to the results of the chemical studies nf the 
spots and to eonsider briefly some of the conclusions which were 
reached in those studies. 
Many samples of soil from areas where crop injury was noticed 
were analyzed and small amounts of various" alkali" salts were 
found. The same salt was not present in all cases, however, and 
in fact, great diversity o.ccurred among the different samples. 
Sulfates, carbonates, bicarbonates, chlorides and nitrates of 
sodium, magnesium and calcium were occasionally found but the 
amount of any" alkali" salt present was never sufficiently large 
tOo account for crnp injury. 
Examinations of the spnts in the field during periods of 
drouth showed heavy incrustations of white, yellowish, or even 
brownish-white salts. Analyses of various samples of these ef-
florescences were made and it was found that they were very 
largely composed of calcium carbonate. This salt was likewisc 
found to be present in large amounts in all the soils where" alkali 
spots " occurred. It is evident, therefore, that the soil snlution 
in such soils must be heavily loaded with calcium bicarbonate 
for it is well knOown that this salt is formed in soil water from 
calcium carbonate and when the snil dries out, the bicarb{)nate 
is carried up to the surface in the capillary moisture and depos-
ited as the carbnnate. 
In consideration of all these facts, several possible explana-
tions of the injurious factor in the" alkali spots" . suggest them-
selves. In the first place, while the amnunts of "alkali" salts 
present are too small to be injurious, it is possible that when pres-
ent with large amounts of cal cium bicarbonate in the soil water, 
:12~;09:1 
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or, in other words, in a highly concentrated soil solution, they 
may prove distinctly toxic. In the second place, the high con-
centration of salts.in the soil water may account for the difficulty, 
regardless of the kind of salts present. FinaJJy, it is possible that 
calcium bicarbonate when present in excessive amounts in the 
soil solution may become harmful to crop growth. 
Bacterial activities in soils are apparently rather closely allied 
with crop production and if small amounts of "alkali" salts in 
the presence of .calcium carbonate, heavy concentrations of salts 
in the soil solution, or excessive amounts of calcium bicarbonate, 
reduce such processes as ammonification, nitrification, etc., which 
reflect available plant food productJion, a decreased crop growth 
may result. 
The study of the prohlem from the bacteriological standpoint 
maybe of value not only in indicating the causes O'f the injurious 
effect of the" alkali" spots, but also in leading to methods of rec-
lamation. 
With these facts in mind, the object of the work reported in 
the following pages was to study the effect of certain so-called 
" alkali" salts on ammonification in the presen.ce and in the ab-
sence of calcium carbonate. Varying quantities of several salts 
were used and the attempt was made to determine the coooentra-
tion at which each became toxic to the ammonifiers. It was also 
desired to ascertain whether the presence of extremely large 
amounts of .calcium carbonate would alter the toxic concentra-
tions of the v:arious salts. The question of the toxicity of calcium 
carbonate when present alone in excessive quantities was likewise 
considered. 
The results secured in this work are presented at the present 
time fo'r their technical interest and as a step toward the s01ution 
of the large problem. 'l'hey should not therefore be interpreted 
too broadly. Much further work must be done and particularly 
is it necessary that extensive tests along these lines with various 
cro,ps be ,carried out before conclusions of prootical significance 
should be drawn. 
HISTORIUAL. 
Many experiments have beer. 'oonducted on the effects of cal-
cium cal100nate on ammonification and these have quite uniformly 
shown this material to be benefieral when used in normal amounts. 
With excessive applications, however, a few illstances of injurious 
action have been noted. It is unnecessary to summarize the ex-
periments along this line as excellent bibliographies of references 
have been given in other publications. 
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'1'he effects af "alkali" salts an ammanificatian have been stud-
ied to anly a limited extent. The work af O. B. Lipman (4) can-
stitutes the anly series of experiments which bears directly on 
the present problem. He studied the toxic effects ·af sadium 
chloride, sadium sulfate and sadium carbanate. Ammanificatian 
in sails was inhibited ,by the presence af variaus amaunts af each 
af the salts used. The chlaride was faund to' be the most toxic, 
the sulfate less so and theearbanate was anly slightly toxic, ex-
cept at very high cancentratians. 'fhe actual paints at which 
these salts became markedly taxic to' ammanification were between 
0.1 % and 0.2 % fa·r NaOI, 0.4 % for Na2S04 and 2.0 % far 
Na2003 • These salt effects were very different from those noted 
an plants by the alkali salts mentianed. In fact, the canditions 
were abaut reversed. In a more recent publicatian L,ipman (5) 
abserved a less harmful effect af these salts on ammanification 
when used in the presence af one another tban when used alane. 
He found that sadium carbanate and sadium chloride tagether 
were less taxic to' ammonifi'catian than sadium carbanate alane a'r 
sadium chlaride alane. This same actian was nated far all cam-
binations of salts tested. Tbecause af these differences is at-
tributed to' an 'antaganism set up by the anians af tbe salts used in 
cambination. 
Other experiments have dealt with the effects of "alkali" 
salts an nitrificatian but these have been reviewed in another pub-
licatian (2) and will therefare not be cansidered here. 
The experiments of Brawn and Hitchoack (2), altho dealing 
vvith nitrificatian also consider the effects' of "alkali" salts in the 
presence af calcium carbanate Their experiments shaw that ni-
trificatian in narmal sail is stimulated by small amounts af Na01, 
Na2S04 , MgS0 4 and large amounts af Ga00 3 • These salts be-
came toxic, however, at 0.02 % Na01, 2.00% Na2S04 and between 
1.5% and 6.0% OaOO". Nitrificatian in alkali soil was increased 
by sm'all amounts 0'0£ NaHOO", Na200e and OaGO? OaS04 had 
no effect, Na2 00" and NaH 00" became toxic at 0.3 % 'and GaOO" 
at 6.0% . OaS04 added with the sadium carbonate and bicar-
bonate in the praper amaunt to' react with them prevented any 
taxic action fram the largest amaunt used. Greenhause tests 
canfirmed in general the laboratory results. Orop yields -,yere 
affected by the salts used similarly to nitrificr. tian. 
Greaves (3) in same recent studies an the influence of salts 
on sail bacteria faund that th e taxicity of various salts as d"ter-
mined by ammoniftcation was cantrolled larQ'elv by the electro-
negative ion and as a general rule, to' which therc were excep-
tians, the chlorides were the mast taxic, and nitrates, sulE::ttes, 
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and carbonates followed in the Grder of decreasing toxicity. '1'he 
quantity of a salt which could be applied to a soil without de-
creasing ammonia varied with the salt, the salts tested being 
listed in the order of their toxicity in the, soil studied. He f'ound 
that the toxicity of some salts increased more rapidly than that 
of others. '1'he increased osmotic pressure exerted by the flalt 
added to the soil played a great part in retarding ba'cterial activ-
ity, but it was not the only fact'or. 
The main factor is believed to be a physiological one, due to 
the action of the salt on the living protoplasm of the cell. 
'1'he common soil" alkalis" were found to be very toxic to am-
monification. · With S0111e exceptions, the salts used acted as 
stimulants on ammonification at some concentration, the extent 
of stimulation and quantity of salt producing maximum stimu-
lating varying widely. The same cOompounds which are most 
active in stimulating higher plants were found also, to be most 
active in stimulating' bacteria. The quantity of certain salts 
necessary to reduce the ammonifying pOower of the soil to half 
normal was found to be practically the same as the quantity 
necessary to reduce the growth of wheat to the same extent. 
With most salts, however, the ammOonifiers 'Seemed to be more re-
sistant than the higher plants. 
No other experiments of application alOong this line are avail-
able at the present time. 
EXPERIMENT AL,-P AR1' I. 
LABORATORY EXPERIMENTS. 
Part I of the experimental work here reported deals with the 
laboratory experiments and Part II, with the greenhouse tests. 
'1'he same soil was used throughout the work so that the results 
are all comparable. It is known as Carrington loam and is a 
dark brown to black lo,am on yellow clay loam. 
The experiments ()If Part I were arranged in series fOol' con-
venience in manipulation. Variations in the reilults from the 
same soils may be attributed to differences in the temperature of 
incubation or to slight differences in the incubation period. A 
large sample of soil was secured, air-dried, sieved and stOored for 
use. The tests were carried OLit in 100 g-m. portions of the soil 
weighed out in tumblers. Five gms. of dried blood were addl'Q to 
each portion 'Of soil and thoroug-hly stirred in. Additio-ns of 
salts were then made as desired, 10 c. c. 0'£ an infusion of a fresh 
soil introduced and the moisture content adjusted at the optimum 
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for the soil. '1'he tumblers were cDvered and incubated for six 
days at room temperature. The ammonia present was then de-
termined by the aeration method of Potter and Snyder (6). 
SERIES r. 
'1'his series was planned to determine the effect of large amounts 
of calcium carbonate on ammDnification in tbis soil. The plan of 
the experiment and also the results secured appear in the fol-
lowing table. 
It is evident from t3ible I that the small application of oalcium 
carbonate was extremely beneficjal to the ammonifying bacteria. 
Over twi,ce .as much ammonia was produced as in the untreated 
soil. Larger applications, however, beyond this three ton amount 
did not bring about any further increase in ammonification. 
These results confirmed very satisfactorily previous work along 
this line. . " I 
Even when the applications of lime became excessive, there 
was no decrease in .ammonification, the production of ammonia 
remaining about the same with the fifty ton application .as with 
the smaller amounts. 
It now remained to ascertain the effect of varying quantities 
of certain salts on the ammonifyjng bacteria in this soil in the 
presence -and absence of calcium carbonate. If the salts had the 
same effects whether or not lime was present in large amount, 
then it might be concluded that the excess cf calcium oar:bonate 
which distinguish es the "alkali" spots would not be of import-
ance in determining the injurious factor, at least as far as the 
ammonifying bacteria were concerned. On the other hand , if 
amounts of salts non-toxic in the absence of lime became in-
TABLE I.-THE EFFECTS OF CALCIUM CARBONATE ON 
AMMONIFICATION. 
---_ .. _-c-============ 
MgN as 
No. 'l""re atment • Ammonia Average 
, Check _______________ __________________ _____ ______ _________ __ _ 74.393) 
~ Oheck ______ ______________________ _______ _______________ __ _____ . 70.7'22\ 72. 557 S 0-.3 gm 0 'nC"03 _____ _____ __ ______ __ ____ ___ ___ ______ _______ ____ _ 163.720) 
-j 0. 3 g-m OU00 3 ___________________________ ______ ______ _____ __ __ _ 17li.6m\ 100.005 5 0.6 grn a 0 10 '3 __ __ ________ _______ ______ _______ __ ____ __ __ ___ __ _ 171.:;10) () 0 .6 gnl C a OO:1 _____ . __ ____ .. ______________ ______ ____ __ _____ __ _ 159.400( 100.500 
7 1. 0 gm ('a CIO :~ _______ _______ ___ ____________________ ___ __ _____ _ 160.220) R 1.0 goo <:'nCO" ________ __________________________________ _____ _ 165 . 350 ( 1631.286 
9 2. ~~ g"m OaOO:t ______ ___ . _____ __ ____________ __ _________ ______ _ 162 .71()) 10 2. 5 goo 0 " 0 0 3 ______ ________________ . __________ _______ _____ . __ _ 
11 ;;. 0 gILl Oa CKh ____________________ ____ _______ _________________ _ 167.111\ 164.000 17().0131 
12 fi. O grr.J aOO 3 __ ______ ___ ______ _________ ______ __ ___ _________ _ _ 160 .887\ 168.75() 
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jurious in its presence, it would bc evident that the content of 
cakium carbonate in the spots was of prime importance. 
SERIES ·II. 
This series showed the effee;ts of varying amounts of sodium 
carbonate on ammonification. The plan of the test and the reo 
sults appear in table II. 
Referring to the above data, it will be seen that sodium car-
bonate used in a concentration of 0.1 per cent had a stimulating 
influence 011 the ammonifying power of the soil. When the ron-
centration was increased to 0.2',10 a distinct depression in ammoni-
fication over that in the check soil was noted. Further increases 
in the salt addition brought about still ' greater decreases in am-
monifi cation until with 1 % less than half as much ammonia was 
produced as in the check soil. 'rhe toxic point for sodium car-
bonate in this soil therefore, was between 0.1 and 0.2 % . These 
results were quite different from those secured by Lipman. In 
his experiments sodium carbonate was beneficial up to 1% and 
bccame toxic only beyond th&t point. The point of marked 
toxicity he placed at 2.0% . T'he differences in his results from 
those secured in this experiment are undoubtedly due to the dif-
ferent soils used in the experiments. Salt effects are undoubtedly 
diffcrcnt in soils of varying physi.cal and el~emical composition 
and th ese r csults show that fa .ct quite distinctly. An 'am01mt 
of p,:tlt injnrious to ammonification in one soil will not neces-
sarily be injurious in other soils. The same fact may be trne in 
the casc of crops. Expcriments abng this line arc lacking at the 
prescnt time. 
TABLE II.-THE EFFECTS OF SODIUM CARBONATE ON 
AMMONIFICATION. 
No. 'l.'reatment I M g iN as Ammonia Average 
- --------------- ---- --·---1--- ----
1 Cll !:!ck ________________________ __ ______ ______ __ . ___ . _________ __ ._ 
2 C'heck ___ . __ ________ ___ _________ ____ . __ . ____ _________ _________ _ 
3 0. 1 gm NaoC03 _____________________________ ________ ___ __ ___ _ . 
4 0.1 gm Na, a 03 __________________________________________ ____ . 
5 O. ~ gm Na~C03 _____________________________ _________ • _____ __ _ 
6 0.2 gm NaoC~h ____________ __ __ ______________________ ___ __ ___ _ 
7 0.5 gm Nao003 _____________________________ _____ _________ __ _ _ 
R 0. 5 gm lNaoOO 3 ______ ______________________________ ____ __ __ __ . 
9 1. 0 gm NaoOO3 __________________ ____________________ ___ ___ __ _ 
10 1.0 gm NaoOO" _____________________________________ ___ ___ __ _ 
39 .9'Z ) 
44.35 \ 
45.60 ) 
52.63 ( 
~6.60 ) 
29.4Z ( 
31.05 ) 
19.!A'l ( 
17 .nii ) 
15.9t \ 
42.135 
4(1.115 
33.010 
25.515 
16.74., 
.--_._- -_._--_._------_._-----_....:.-._--
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SERIES III. 
'I'his series was arranged to show the effect of sodium cal'bclJate 
when used in combination with calcium carbonate. The concen-
tration of calcium carbonate remained constant at 0.6 % while the 
amounts of salt were varied. The various treatments and r esults 
are given in table III. 
The results of this series and of the preceding are shown 
graphically in plate 1. 
Table III and plate I show 0.1 % of sodium carbonate ill the 
presence of calcium 'carbonate gave practically no beneficial or 
injurious effect. The same is true of the 0.2 % application al-
though a slight depression was noted in the latter case. Beyond 
that amount, however, gradually decreasing amounts of am-
monia were produced. The sodium carbonate evidently was 
very much less toxic to ammonification in the presence of a large 
amount of cal'cium carbonate than in the absence of the latter. 
Calcium carbonate apparently was able to remove or neutralize 
the toxicity of sodium carbonate to some extent. Instead of small 
amounts of this salt ,becoming more toxic in the presence of cal-
cium carbonate, the reverse was the case and the toxicity of sev-
eral amounts of the salts was removed or at least considerably 
reduced by calcium carbonate. 
With' the smallest amount of sodium carbonate however which, 
when used alone, proved benefi,cial to ammcnification, the addi-
tion of calcium carbonate reduced the beneficial influence. There 
are indications here that with small stimulative or non-toxic 
amounts ()If the sodium bicarbonate, calcium coarbonate may r educe 
the stimulative influence, but with toxioc amounts of the salt the 
calcium ,cal1bonate apparently reduces the toxicity. Evidently 
the influence of lime in "alkali" spots is, therefore, quite dif-
TABLE IlL-THE E,FFEC'fS OF SODIUM CARBONATE IN THE 
PRESENCE OF CALCIUM CARBONATE. 
No. Treatment 
1 0.6 gm OaOO3 _____________ c _______________________ __________ _ 
2 0.6 gm OaCiO'3 __ ~ ___ ___________________________ ___ ___________ _ 
3 0.1 gm Na2Ci03 +0.6 gm G aOO3 _____________________________ _ 
4 0.1 gm Na2003+0.6 gm Ca003 _____________________________ _ 
5 0.2 gm Na200:\+0.6 gm aOO3 _____________________________ _ 
6 0.2 gm Na2003 +0.6 gm OaOO3 ________ __ ___________________ _ 
7 0.5 gm NazOOa+O.6 gm IOa003 __________________________ :.. __ _ 
SO .. " gill Na2003+0.6 gm Cap03 _____________________________ _ 
9 ] .0 gm Na2003+0.6 gm OaOO3 ________ __ ___________________ _ 
10 ]).0 gill Na2003+0.6 gm OaOO3 ______ . ______________________ _ 
MgN 
41.25 ) 
48.50 \ 
42.10 ) 
48 .00 \ 
45.70 ) 
40.50 ( 
40.40 I 
38 .60 ( 
30.00 ) 
24 .55 5 
I Average 
44.876 
45.050 
43.100 
39.500 
?/T.m 
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ferent in the presence of different amounts of the" alkali" salt, 
sodium carbonate. 
SERIES IV. 
TIlls series was planned to test the effects of sodium bicar-
bonate on ammonification. The results appear in table IV. 
Table IV shows that the small amounts of the bicarbonate were 
markedly stimulating to the ammonifiers. Beyond -0.05 % how-
ever, or somewhere between that percent and 0.1%, the salt 
became toxic. With increasing additions of the bicarbonate fur-
ther decreases in ammonification occurred until with 5.0% there 
was very little production of ammonia. This salt was evidently 
toxic to ammonification in thi3 soil at a lower concentration than 
was the case with t.he corresponding carbonate. 
SERIES V. 
This series was arranged similar to Series III, a fixed amount 
of calcium carbonate being used and the addition of the sodium 
bicarbonate varying. The results of these t ests appear in 
Table V. 
The results in this table, together with t.hose secured in the 
preceding series, are shown graphically in plate II. A com-
parison of this plate with plate I reveals the fact that the curves 
are very similar, although it must be kept in mind that a smaJler 
amount of the sodium bicarbonate was used and t.he injurious 
TABLE IV.-THE EFFECTS OF SODIUM BICARBONATE ON 
AMMONIFICATION. 
No. 'J'reatment J\1gN Average 
1 Ch:ck _______________________________________________________ _ 30.38 I 2 Obeck _______________________________________________________ _ 311.10 I 32.740 3 O.(J; gm Na.H·COa _______________________________________________ _ 43.41 I 4 O.(J; gm Na.HC03 ______________________________________________ _ 42.00 I 43.155 5 0.1 gm Na.H,Cl:h ___ ____ ____ __ __ _____ _________________________ _ 22.15 I 6 0 .1 gm Na.H()03 _____ _________________ ___________ ___ ___ _______ _ ~7.55 \ 24.850 7 0 .2 gm NaROO3 _____ __________ ____________________ _ : ______ __ _ _ 26.45 ) 8 0.2 gm N"'HOO3 ___ _____________ __________ __________________ __ _ 19. 70 \ 23.075 :) 0 .5 gm NaJH()03 ___ ______________________ ______ _______________ _ 12.95 I 10 0.5 gm NallIOO3 ______________________________________________ _ 19 .98 ( 16.465 11 1.0 gm NaJH(Xh ___ ____________________ ___ ____________________ _ 12.00 ) 12 1.0 gm Na.HOO3 ___ ___________________ ________________________ _ ~.82 \ 10.300 13 5.0 gm NaJH()02 ______________________________________________ _ 2.43 ) 14 I 5.0 gm Na.HOO3 ___ ________ _____ ______ ________________________ _ 4.32 \ 3.375 
PI. I.4T J:" IT 
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PLATE I. Gr.aph showing effects of so<1ium 
carbonate on ammonification a,nd effects of 
sodium carbona te in the presence of cal-
cium carbonate. 
PLATE II. Graph showing effects of sodium 
bicarbonate on a mmonification and effects 
of sodium bicarbonate in the presence of 
calcium carbonate. 
...... 
...... 
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action on ammonification was much 1110re pronounced. The cal-
cium carbonate applied with the 0.05% of sodium bicarbonate, 
the amount which alone causes a decided increase in ammonifica-
tion brought about a small effect. An increase over the ammoni-
fication with calcium carbonate alone was noted however. These 
results were very similar to those with the sodium carbonate al-
though they were somewhat more distinctive. 
With the larger applications of the bicarbonate the calcium 
carbonate in every 'Case lessened the injurious action considerably. 
In fact, with the 0.1 % amount, a slight increase o,ver the lime 
alone was noted. 
Again, it was apparent from these results, as in the case of the 
sodium carbonate, that calcium carbonate can remove or neu-
tralize the toxicity of sodium bical'lbonate to some extent. In-
stead ()if small amounts of the bicarbonate becoming more toxic 
with ·calcium carbonate, the reverse was the .case and the toxicity 
was considerably lessened. Small stimulative amounts of the 
bicarbonate were, however, reduced in stimulative action on am-
monification by the lime. Again it appears that the effects of 
calcium carbonate in the presence of "alkali" salts dependeu on 
the amounts of those salts whi.~h were present. 
It will be seen from taNe VI that the small application of 
the sulfate stimulated the action of the ammonifers to a con-
SERIES VI. 
The effects of sodium sulfate were studied in this, series and 
the treatments made and results secured are given in table VI. 
TABLE V.-THE EFFECTS OF SODIUM BICARBONATE IN THE 
PRESENCE OF CALCIUM CARBONATE. 
No. Treatment MgN Average 
1 Oheck+0.6 gm oOaOO, _________________________________ _ 37.50' ) 
2l Oheck+O.6 gm QiaOOa ______________ ____ ____________________ _ 55.3S 5 36.440 3 0 .05 gm NwH003+0.6 gm OUlOl03 ___________________________ _ 46.18 ) 
<l 0.00 gm tNwH0I03+0.6 gm 100:0103 ___________________________ _ 33.20 I 42.100 5 0.1 gm NaH0I03+0.6 gm ·Oa003 _________________ .. __________ _ 43.20 ) 
(J 0 .1 gm NaH003+0.6 gm Oa003 ____________ . _______________ _ 32.67 I 37.985 7 0.2 gm NwH003+0.6 gm lOa003 ___________ ___ ____ ___ _______ _ 3"2.61 ) B 0.2 gm NaH0I03+0.6 gm Oa003 ____________________________ _ 3.>.10 I 33.S85 9 0.5 gm 'NaHC03+0.6 gm Ca003 ___________________ _________ _ 21.30 ) 10 0 .8 gm NwH003+0.6 gm Oa003 ____________________________ _ 31.30 ( 29.330 11 1.0 gm 'NaH0I03+0.6 gm CaOl03 ____________________________ _ 19.!n ) 12 1.0 gm IN"WH003+0.6 gm Qa003 ____________________________ _ 24.30 ( 22.135 13 5.0 gm IN"WH003+0.6 gm a003 _____ __________ ____ _________ _ 17.55 ) 14 5.0 gm NwH0I03+0.6 gm Oa003 ____________________________ _ 13.23 5 15.300 
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sideralJJe extent. Beyond 0.1 % however, or somewhere between 
0.1 % and 0.5 % the sodium sulfate becalll,: toxic for with the 
latter amount a distinct depref>sion in ammonification occurreel. 
With larger amounts still further decreases oc,curred until with 
5.0% the ammonifying action was very slight. 
These results agreed very well with those of Lipman who 
found the toxic point for sodium sulfate at OA'io . In hi" re-
sults, however, ammonification had practically ceased with 2.0% 
while in these experiments it was still appal'E'nt at 5.0%. Again 
it appears that the effects of "alkali" salts on ammonification 
vary with different soils and a concentration of a salt toxic in 
one soil may not necessarily be so in another soil. 
SERIES VII. 
'1'hi8 series was arranged to learn the effects of sodium sulfate 
in the presence of calcium carbonate. 'rhe results are given in 
table VII. ! 
The results in tbis series and in the preceding are shown 
together in the curves in plate III. 
Examining this plate and table VII, it is evident that in the 
presence of calcium carbonate, sodium sulfate did not become 
toxic to ammonifi,cation until more than 0.75 % was added. Be-
yond that amount, however, a toxic effect was noted. 'rhe smaller 
amounts of the sulfate with calcium carbonate increased am-
monifi,cation to a considerable extent, the largest increase oc-
curring with the 0.1 % and the 0.5 % additions. The increase 
with the 0.1 % amount was greater than where the sulfate was 
used alone and in the case of the 0.5 % amount a depre;;sion 
TABLE VI.-THE EFFECTS OF SODIUM SULFATE ON 
AMMONIFICATION. 
--.:.='-=-===-===-=====-==--====--== 
No. 'l'reatment MgN Average 
]I Oheck ________________________________________________________ _ 43.991) 
~ {)beck ________________________________________________________ _ 52.6'17\ 48.334 
59.962) 
62.764\ 61.363 
3' 0.1 gmJ (Na:lS04 __ _____________________________________________ _ 
4 0.1 gmJ 'Na:lSO' _______________________________________________ _ 
a 0.5 gmJ Na:lSO. ______________________________________ ___ ______ _ 39.5(8) /I 0.5 gmJ Na2SIO, _______________________________________________ _ 30.82'2, 35.16.'; 7' 0.75 gmJ Na2S0, _______________________________________________ _ 27.740) 
18.213( 22.976 
17. mi 
8 0.75 grru Na2SIO. _______________________________________________ _ 
9 1.00 g)lll iNa2S0. _____ . _________________________________________ _ 
1(1 1.00 gmJ 'Na~O' _______________________________________________ _ 17.792( 17.862 1.1 5.00 gmJ iNa2lSIO, _______________________________________________ _ 2.7'45) 
12 5.00 grru !Na2lSl0,, _________________________________ ---------------, 1.401\ 2.073 
-------_ .. ----------
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PLATE III. Gra;ph showing' the effects of sodium 
sulfate on ammonification and effects of 
sodium in the presence of calcium car-
bonate. 
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PLATE IV. Graph showing effects of sodium 
chloride on a;mmonification a nd effects of 
sodium chloride in the presence of calcium 
carbonate. 
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TABLE VII.-THE EFFECTS OF SODIUM SULFATE IN THE 
PRESENCE OF CALCIUM CARBONATE. 
No. 'l'reatment 
.-- --------------- ----
1 Oh sck + O.G gm Oa00'" ________________________________________ _ 
2 Oh eck +0.6 gm OaOO" ________________________________________ _ 
3 0.1 gm iNa2S0,+0.6 gm 0"003 _____________________________ _ 
4 0.1 gm iNa2S0.+0.6 gm OruOI03 _____________________________ _ 
5 0.6 gm lNa2S'04+0.() gm 031003 _________________ ____________ _ 
() 0.6 gm iNa2S0.+0.6 gm 0"'003 _________________ ____________ _ 
7 0.7ii gm Na2S0.+0.6 gm Oru00'3 _________________ .. ___________ _ 
8 0.76 gm iNa2S0.+0.6 gm Oru003 ___________ . _________________ _ 
9 1.00 gm iNa2S0.+0.6 gill Oru003 _________________ = _________ _ 
10 1.00 gm iNa2S0.+0.6 gm Oru003 _____________________________ _ 
11 5.00 gill Na2SlO.+0.6 gill OaIC~h __________________________ ___ _ 
12 5.00 gill iNa2S0.+0.6 gill Oru003 _________________ = _________ _ 
-------------------- ---
M gN Average 
------
61.56 ) 
_ _____ l 
74.52 ) 
65.60 j 
72.80 ) 
67.20 j 
66.98 ) 
60.20 \ 
52.60 ) 
5,1.00 j 
17.28 ) 
15.66 j 
61.56 
70.00 
70.00 
63.59 
53 .30 
16.47 
where the salt was used alone was changed to' an increase when 
calcium carbonate was added. 
It is apparent from these results that calcium carbonate re-
duced the toxic effects of sodium sulfate anJ in the /presence of 
small, slightly toxic amounts 0'£ the salt, it not only offset the 
injurious action but brought about a benefiCIal effect. This cor-
responded in part with the results secured with the sodium car-
bonate and the sodium bicarbonate. Just as in those cases caleium 
carbonate reduced the toxicity of the" alkali" salt. With stim-
ulative amounts of the sulfate, ho,wever, the calcium carbonate 
increased the stimulation instead of decreasing it as was the 
case with the carbonate and bicar,bonate. 
SERIES VIII. 
This series was planned to test the effect of sodium chloride 
on ammonification. The results are given in table VIII. 
TABLE VIII.-THE EFFECTS OF SODIUM CHLORIDE' ON 
AMMONIFICATION. 
No. Treatment MgN Average 
1 Nothing _________ ---- ------ -- ------ ---- ------ -- ------ -----------
2 Nothing _______ -- ---------- -- ---- -- ---- -- ---- -- -----------------3 0.005 gill NruOl _______________________________________________ _ 
4 0.005 gill NruOl _________ ___ ___________________________________ _ 
5 0.01 gill iNaOl _______________________________________________ _ 
6 0.01 gm iNa01 _______________________________________________ _ 
7' 0.<l2 gm NaOl _______________________________________________ _ 
8 0.02 gm NaOl ------------------------------------------------9 0.05 gm iN",Ol' __________________________________________ __ ___ _ 
10 Ci.()5 gm iNruOl ____ --------------------------------------------11 0.10 gm Na OJ _______________________________________________ _ 
12 0.10 gm NaOJ _______________________________________________ _ 
76.7'74) 
73.792 \ 75.373 
81.(02 ) 
87.lJ82\ &1.522 
61.924) 
83.219l 72.571 
73.692') 
66.127' 00.909 
65.847) 
60.803\ 63 .3'25 
57.160) 
M.m\ 60.943 
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It is apparcnt from table V III that .005 % of sodium <;11101'ide 
stimulated the activities of the anllnonifying bacteria. La.rger 
amounts, however, depressed ammonification, the point of toxicity 
being somewhere between .005% and .01 % . Lipman found the 
point of marked toxicity between 0.1 % and 0.2 %. Evidently in 
the soil used in his work the sodium sulfate did not become toxic 
at as low a ~oncentration. l'he reaction of the soil may have 
governed the results. At any rate, some difference inherent in 
the soil must be responsible for the differences in the results. 
SERIES IX. 
l'his series was arranged to test the effect of the sodimn 
chloride on ammonification in the presence of calcium carbOllatc. 
The results appear in table IX. 
The results of this series and of the preceding are shown 
graphically in plate IV. It is apparent upon an examination of 
this plate and the table that .005% of sodium chloride was more 
stimulative to ammoni&ation in the prescnce of the calcium 
carbonate than in its absence. Furthermore with all the amonnts 
of the chloride used up to and including 0.1 %, when calcium 
carbonate was present, a stimulation of the action of the am-
monifiers was found. The increase in ammonia production be-
came smaller as the amount of the chloridE' increased but evi-
dently a larger amount than 0.1 % would be required to be toxic 
when lime is present in the soil. 
As with the other salts tested, then, these results show clearly 
that calcium carbonate in~tead of increasing toxicity decrea.,es it 
TABLE IX.-THE EFFECTS .oF SODIUM CHLORIDE IN THE 
PRESENCE OF CALCIUM CARBONATE. 
No. 'l'reatment MgN Average 
--1----------------------1-------
1 Gheck+0.6 gm OUOO'3 _______________________________________ _ 
2 O h eck + 0.6 gm OaOO'. ______________ .. ________________________ _ 
3 0.000 gm Nru01 + 0.6 gm Oa003 ______________________________ _ 
4' o.ooa gill NIlJ01 + 0.6 grn Oa003 ___ ______ _____________________ _ 
5 O.OJI gill NIlJ01 + 0.6 gm '0a003 ______________________________ _ 
6 0.01 grn Na01 + 0.6 gm Oa003 ____________________ __ ________ _ 
7 0.02 gm NIlJ01 + 0.6 gm OaOO'3 ______________________________ _ 
8 0.02 gm NIlJ01 + 0.6 gm Oa00 3 ______________________________ _ 
9 0.05 grn NIlJ01 + 0.6 gm '0aOO. ______ ________________________ _ 
10 0.05 gm N",01 + 0.6 gm .oa003 ______________________________ _ 
11 0.1 gm Na01 +0.6 grn .oa003 ______________________________ _ 
12 0.1 gm NaO'l + 0.6 grn '0a003 ______________________________ _ 
100.40 1 
100.15 \ 103.275 
131J.86 ) 
126.80 \ 129.330 
125.00 ) 
127.70 \ 126.350 
118 .20 ) 
123.40 I 120.800 
1111.25 ) 
_ ______ \ 115.250 
103.40 ) 
109.35 \ 106.375 
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considerably and may even reverse the toxic action and bring' 
about a beneficial or stimulative effcct on ammonification. 
SERIES X. 
Various .combinations of the salts used in the preceding series 
were added to the soil with calcium carbonate and the effect on 
ammonification determined. The results appear in table X. 
Examining table X it appears in the first place that all th"l 
combinations of salts used with calcium carbonate depressed am-
monification over that occurring in the presence of calcium Nlr-
bonate alone. The sodium carbonate and bicarbonate together 
caused a very slight depression in ammonification. The carbonate 
alone caused a slight decrease as sho,"'n in Series III and the 
bicarbonate gave a slight increase as appearcd in Series V. 'rhe 
effects of the two together were therefore littl e changed from 
that of each individually. Sodium sulfate in the amount used 
TABLE X.-THE EFFECTS OF COMBINATIONS OF VAR.IOUS 
SALTS WITH CALCIUM CARBONATE. 
No. rl~eatment 
Obecks+0.6 Oa 00. ___________________________________________ _ 
2 Ohecks+ 0.6 OaOO. _______________________________ ____ ________ _ 
3 0.2 gm Na,OKh + 0.1 gm NaHC'O. +0.6 gm <Oa003 __________ _ 
4 0.2 gm Na,OKh + 0.1 gm lNaH'CO. +0.6 gm 10aOO. __________ _ 
5 0.2 gm Na,OO.+O.;o; gm NaHlOO. +0.6 gm <oaOO. __________ _ 
6 0.2 gm Na,OO. + O.;o; gm NaHl003 +0.6 gm OaOO:'--________ _ 
7 0.2 gm "'a,OO. + O.01 gm iNaOQ +0.6 gm Oa003 ______ ______ _ 
8 0.2 gm iNa,Ol(h+O.01 gm iNa01 +0.6 gm Ca003_ .. _________ _ 
9 0.1 gm lNaH'OO.+0.5 gm Na,80,, +0 .6 gm a003 __________ _ 
]0 0.1 gm ~aHOO.+0.5 gm Na,SO.+O.(J gm CaOO" __________ _ 
11 0.1' gm N",HoOO. + .01 gm lNaffi +0 .6.gm OaI003 ____________ _ 
12 0.1 gm NaHOO. + .01 gm Naffi+0.6 gm Oa,CO. ____________ _ 
]3 0.5 gm lNa,SO. + .01 gm lNa01 + 0.6 g"T,t OaOO. ______________ _ 
14 0.5 gm lNa,SO, + .01 gm Na01 + 0.6 grr.1 Oa003 ______________ _ 
W 0.2 gm Na,OO. + O.l gm Na'ROO. + 0.5 gm Na,SO, +0.6 gm 
ruOD. _________________________________________________ _ 
16 0.2 gm Na,OO. + O.l gm Na!H00. + 0.5 gm Na,SO, +0.6 gm OaGO. ______________________________________________________ _ 
17 0.2 gm iNa,OO.+O.l gm NruHOO.+ .01 gm ~a01+0 . 6 gm CaGO. ___________________________________________________ -__ _ 
]8 0.2 gm iNa,OO. +O.l gm NaHOO. + .01 gm :-1,,01 + 0.6 gm CruGO. _____________ ___ ______________________________________ _ 
19 0.2 gm iNaoOO. + 0.5 gllil 'Na,SO.+ .01 gm .\'a01 +0 .6 gm 0",00. ___________________________________ . _______ ____ _______ _ 
20 0.2 gm lNa,OO. + 0.5 glLl Na,SIO,,+ .01 gm "a01+0.6 gm aGO. ___________________________________ ______ __ ___________ _ 
21 0.] gm INruHOO. + 0.5 gill INMSO,+ .01 gm NaG1 +0.6 gm CaGO. _________________________________________________ _ 
2"2 O.lJ ll"'." INIIIHC(h + 0.5 gm lNa,SO,+ .01 gm NaOl+0.6 gm C,1J{)O. _____________ .. ________________________________________ _ 
Z3 0.2 gm lNa,00, +().1 gm NaHC03+.01 gm Na01 +().5 gm Na,SO. + 0.6 gm OaOO. _______ __________ _____ ___ ____ _______ _ 
24 0.2 gm INa , 00. +().1 gm NaHOO. + .01 gm Ka01 +0.5 gm 
Na"SO. + O.1\ gm 0aCO,-_ _ __________________________ _ 
MgN 
102.10 ) 
].00.60 \ 
W.O!) ) 
100.60 \ 
86.10 ) 
98.35 \ 
84.24 ) 
72.60 \ 
82.60 ) 
lost! 
79.38 ) 
87 .21 ! 
76.42 ) 
81.00 ! 
90.181 
f 
96.39 J 
81.35 1 
f 
lost J 
95.31 1 
f 
91.10 J 
75.06 1 
f 
78.03 J 
68.801 
f 
72.38 J 
Average 
]04.350 
101.820 
78.420 
82.600 
38 .29:; 
78. 710 
93.285 
81.350 
93.205 
76.545 
7().815 
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here gave an increase in ammonification as was noted in Series 
VII but with the sodium carbonate a distinct decrease occurred 
here. The same is true of the sodium chloride. Evidently the 
sodium carbonate in the presence of these salts and calcium 
carbonate not only offset the stimulative effect each showed alone 
hut caused a toxic action. The bicarbonate with the su1fate and 
with the chloride, each of which salts stimulated arnmoniHcation 
when used alone with calcium carbonate, brought about distinct 
depressions in ammonia production. The same was true for the 
sodium sulfate, and the chloride. Where combinations of three of 
the salts were used with the calcium carbonate depressions were 
brought about which were somewhat variable and difficult of 
interpretation. Where the four salts were used the largest de-
pression found in any case was brought about. 
These results, as ,a whole, indicate rather distinctly that various 
salts in combination have toxic effects which the same salts in the 
same concentrations da not individually possess. Larger 
amaunts of calcium carbanate than were used in this series 
might reduce the toxic effects of the cambinatians of salts. Fur-
ther experiments are necessary to test this point. It is ap-
parent, however, that the presence af "alkali" salts in small 
quantities in sails along with calcium carbonate may be distinctly 
toxic to ammanification. 
C oncltt.Sions. 
These experiments as a whole lead to the follawing can-
elusions: 
1. Calcium carbonate exerted a marked beneficial influence 
on ammanification. The greatest effe'ct ,accurred with 0.3%. Up 
ta 5.0% hawever, no decrease accurred. 
2. The alkali salts tested were found to exert a stimulating 
effect when used alone at very lowconcentratioDs. A stimula-
tion was observed 'with sodium carbonate at a concentation of 
0.1 %; for sodium hicarbonate at 0.05 %; for sodium sulfat.e at 
0.1 % and for sadium chlaride at 0.005 %. 
3. Increased additians of these salts, however, failed ta stim-
ulate the ammanifiers but an the cantrary retarded their actian. 
The paint of toxicity in this sail was between 0.1% and 0.2% 
far sadium carbonate, between .05 % and 0.1 % for sodium hif'ar-
bonate, between 0.1 % and 0.5 % for sadium sulfate and between 
0.005 % and 0.01 % for sodium chloride. 
Increasing additions of all these salts brought about gradunJly 
increasing depressions in ammanifi'cation. 
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4. Calcium carbonate when used in the presence of the "al-
kali" salts reduced the toxi-:;ity of the salts to a constder:tble 
extent in every case. With the sodium carbollate and bicarbonate 
the smallest stimulative amounts of the salts were reduced by 
the calcium carbonate but there was no toxicity evidenced. With 
the sodium sulfate and sodium ,ch10ride however, the stimulative 
actions of small amounts of the salts were increased by the cal-
cium carbonate. Furthermore, toxic amounts of these latter 
salts were not only rendered non-toxic but were made stimulative. 
This was particularly noticeable in the case of the sodium 
chloride. 
5. Combinations of various salts in non-toxic individual 
amounts in the presence of calcium carbonate become toxic to 
ammonification. '1'he greater concentrations become more toxic. 
Further experiments are desirable with larger amounts of cal-
cium carbonate to ascertain whether the toxic effects of com-
bined salts or of greater concentrations of individual salts can 
be removed entirely. 
EXPERIMENTAL-PART II. 
GREENHOUSE EXPERIMENT. 
The greenhouse experiment was planned to check the work 
in the laboratory and test the effects of various salts in the 
presence and absence of calcium carbonate, on ammonification 
after allowing the salts to be mixed with the soil for a comp::lra-
tively long period of time. It is realized that in the short in-
cubation periods used in the laboratory tests, there was probahly 
only a slight transformation of the calcium .carbonate into the 
bicarbonate and hence the full effects of the use of the carbonate 
would not be secured. Mixing the salts with soil and maint·nin-
ing at optimum moisture content under greenhouse conditions, 
it was believed would result after comparatively long periods 
of time in a more nearly natural action of the calcium carbonate. 
Conditions more nearly resembling those in the field would be 
secured by this method. 
Accordingly 18 pots were each filled with the Carrington 
loam used in the laboratory tests. 
The special treatments for each pot were as follows: 
Pot.~ 
1 and 2 
3 and 4 
f) and 6 
7 and 8 
Che.ck 
0.6 % CaGO, 
0.2% NaoCO" 
0.2 % Na2C0 3 +0.6% CaCO~ 
Pots 
gand 10 
11 and 12 
13 and 14 
15 and 16 
17 and 18 
20 
Check 
0.1'70 NaHCO g 
0.1'70 NaHC03 +0.6'70 CaCu g 
0.5'70 Na2S0 1 
0.5'70 Na2S04 +0.6'70 CaCOg 
0.01 '70 Na.G1 +0.6% CaCOg 
After the salts were thoroughly mixed with the soil in the pots, 
sufficient water was added to bring the moisturc content up to 
the optimum for the soil. Water was added to weight from time 
to time to keep up the moisture content. 
'l'he first sampling was made on November 26th, just six weeks 
after the experiment was started and the subsequent samplings 
were made at intervals of about two weeks. 
The samples were drawn with the usual precautions to avoid 
contamination and ammonification tests were carried out in 
triplicate 100 ' gram portions of each soil in tumblers in the lab-
oratory. Five grams of dried blood were added to eaJch portion 
of soil and thoroughly stirred in. The moisture content was 
then adjusted to the optimum and the samples incubated for six 
days at room temperature. At the expiration of that time they 
were transferred to Kjeldahl flasks and the ammonia present dis-
tilled by the aeration method. 
The results of these tests are given in table XI, the averages 
only of the tripJi.cate determinations being given, as all the dc-
terminations proved quite satisfactory. 
From table XI it will be seen that in every case calcIum car-
bonate applied at the rate of six tons per acre gave an increase 
in ammonification. The amount of ammonia produced, increased 
with each succeeding sampling up to and including the third 
series. The quantity of ammonia produced at the fourth sam-
pling was lower than that at any preceding date, finally how-
ever rea.ching a maximum of 209.375 mgs. at the fifth sampl:ng. 
Calcium carbonate in the amount used evidently stimulated to 
a considerable extent the action of the amrnonifiprs in this soil. 
These results checked those secured in the laboratory tests and 
also confirmed many other experiments with calcium carbonate. 
The results with the sodium carbonate were somewhat variable. 
At the first, second and fourth samplings, a decrease in ammoni-
fication over that in the check soil was noted; while at the third 
and fifth samplings an increase was found. In the laboratory 
tests the amount of the salt used hcre gave a distinct depression, 
hence it is probable that the decreases at the three samplings 
represented the' actual effect of the bicarbonate on ammonifi-
cation. 
TABLE XI-MGS N AS AMMONIA IN AMMONIFICATION TESTS. 
Treatment 
O'heck __________________________________ --__ _ 
1st Sampling I 2nd Sampling 
Average 1 Average I Average 1 Average Tripli'te Dupl'te Tripl'te Dupl'te 
Deter. Pots. Deter. Pots. 
50.464 1 56.376 I 139.739 1 131.161 
C'heck ___________ .. _ __ __ ________ ____ _ ____ _ ____ 6'2.288 122.562 
3 1 0.6% OaGO.____________ ____ ________________ 72 .3'20 83 .126 1 181. 700 1 181. m 
0.6% OaOO. __ .. _____________________________ 93 .936 lost 
3rd Sampling 
Average I Average 
Trip]'te Dup]'te 
Deter. Pots. 
76.45 I 72.575 
68.70 
185. 47 191.310 
197 .15 
4th Sampling I 
Average 1 Average I Trip]'te Dup]'te 
Deter. Pots. 
43 .25 1 43.615 
43 .98 
62.43 68.863 
75.296 
5th Sampling 
Average I Trip]'te 
Deter. 
123.86 
171.70 
198.39 
220.36 
Average 
Dup]'te 
Pots. 
122.730 
209.375 
0.2% ~a2C1(k-- -----------------------:~= I - 45.60 1- 44.435112~ . 133 1 124 . 741 1 11&.53 1- 111.460 1 32.64 1 37.2651129.~ i13U7o 
6 1 0.2% N a'003______________ __ _______________ 4S.ill" 120. 849 106.39 41.89 144.86 
7 [ 0.2% Na,003 +0 .6% Gae'03 ______ : _____ __ _ 78 .432 00.73 ~~ ~.OO 56.el m.w D .• 
8 0.2% Na,003+0.6% .011100 3 ______________ _ 78.331 170.224 
- , ----,-~--,----,----
177.30 ___ . _ 55 .603 ___ I 202.47 __ _ 
9 1 0.1% NaH003 ________________ ____ _________ . 41.1401 ' 00 .591 1 102.600 1 118.256 72.96 69 .385 42.167 42.638 I 76 .67 8'2 .485 
10 1 0.1%1 NaH003 ___ _________________________ _ 64.043 133.912 65.81 43.11 88 .30 
- -----1----'----,---,----,----,----,----,----, -------
11 1 0. 1% N>LHOO.+O.60/o CaClO. _____________ 1 12fi.2J8 1 110.6(» 1 142 .880 1 135.533 1 189 .79 196.020 83.6'25 75.584 
12 0. 1% NaHCl03+0.60/o CaOI03 __________ :__ [;5. 760 I 128 .187 202.W 67.543 
13 0.50/" Na'&O' _________ __ --- --- - -------- ---- - 46. 105 !----;:m 87.855 83.568 lost - 68.100 39':-: 73~ I' 31.083 
14 0.5% Na'SO .... __________ . ___________________ 83 .440 79. WI 68. 10 29 .4&2 
. ----~-- --------- -----~------.- --
15 1 0.5% Na,SO.+O.60/o O'a003 ______ __ ______ _ 93 .399 89.000 1 175.437 1 16}.591 1 166.58 167.750 59.9'96 57.873 
16 0.5% Na,SO.+O.60/o oa00 3 ____________ ___ "! SL6P 147.744 1 168 '9'2! 55.751 
17 0.01% 'Na'O~ +O.60/o OaaO. ________________ ~ -lOJ.~ - 93.682 134.6~Z  180.07 - 178.860 69.302 1 74.412 
18 0.01% Nam +O.60/o O ROO.__ _____ __________ R2.4~ 188 . 3cO 177 .1>J. 79.522 
237.86 
238.56 
12J .90 
116. 15 
288.210 
120.525 
207.68 1-220 .015 
23'2.35 
208 .20 1-212.065 
215 .93 
N 
....... 
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The soil treated with both calcium carbonate and sodium car-
bonate together gave a very decided increase in ammonia pro-
duction over the check and also over the sodium carbonate alone. 
Slightly less ammonificati{)n occurred in every case than where 
the calcium carbonate was used alone. Evidently the calcium 
carbonate not only reduced tha toxicity of the 'sodium carbonate 
but also brought about an actual increase in <lmmoni.fication. '1'he 
increase was less however, than the caLcium carbonate brought 
about alone. These r esults confirmed, almost exactly, those se-
cured in the laboratory studies. 
Sodium bicarbonate in a concentration of 0.1 % gave a decrease 
in ammonification in every case as compared with the check. It 
appeared markedly toxic at the second and fifth samplings but 
less so at the other dates. Thj :> amount 01' salt proved tO'xic also 
in the laboratory tests. 
'1'he soil treated with calcium carbonate and sodium bicarbonate 
together showed a decided increase in ammonification, in every 
case, as compared with that treated with sodium bicarbonate 
alone . . With one exception, where the variation. was slight, the 
combination of salts caused a greater ammonification than that 
brought about by the calcium carbonate alone. These results 
confirm thoroughly those secured in the laboratory tests. Cal-
cium carbonate not only was able to remove the toxicity of the 
sodium bicarbonate to a large extent but the combination proved 
beneficial to' ammonification. In fact, a slight gai.n in the process 
was occasioned by the two salts over that brought about .by the 
calcium carbonate alone. It would seem therefore that the 
sodium carbonate, toxic in the amount used, was not only made 
non-toxic but actually stimulative to the ammonifiers by thc 
action of the calcium carbonate. 
The presence of sodium sulfate in a concentration of 0.5 % 
decreased ammonification at every sampling. '1'h1s effect of this 
salt checked very well with the results secured in the la.boratory 
tests. 
When calcium carbonate was added with the sodium sulfate, 
the ammonifying power of the soil was increased in every case 
over that in the check soil and in the soil treated with the so(1iurn 
sulfate alone. In two cases p-reater effect!'; were secured than 
with the calcium carbonate alone and in the other three in-
stances only slightly less amounts af ammonia were produced. 
'rhe laboratory tests with these salts were therefore quite fiat is-
factorily confirmed by these results. 
Evidently calcium carbonat" when applied with sodium sul-
fatc in the amount used hcre, not only had the ability to' remove 
23 
the toxicity 'of the sodium salt but actually made it slightly 
stimulative. 
The sodium ,chloride used with calcium carbonate prJved 
quite decidedly beneficial to ammonification. Greater increases 
in ammonia production were obtained at three samplings than 
with the calcium carbonate alone and at the other two dates 
the differences were slight. 'rhe amount vf sodium chloride, 
used here, when applied alone was toxic to the ammonifiers and 
hen,ce it is evident that the calcium carbonate not only removed 
the toxicity of the salt used but made it stimulative to ammon-
ification. These results again checked those secured in the lab-
oratory studies. 
It is apparent from these results as a whole that toxic amounts 
of certain" alkali" salts were not made more toxic to ammonifi-
cation by the addition of calcium carbonate. In fact, in some in-
stances, toxicity was changed to a stimulative effect on the am-
monifiers. Of course if very much larger amounts of calcium 
carbonate were used than those employed here, the results 
might be quite different. Different results would also undoubt-
edly be secured with smaller and larger amounts of the "al-
kali" salts. It must be uJ+derstood therefore that the conclu-
sions dl'awn are specific for the amounts of all salts used in 
this work. 
The greenhouse experiments confirm very satisfactorily the 
laboratory tests and the fact stands out preeminently that 
calcium carbonate in soils containing "alkali" salts in certain 
amounts does not make them toxi.c but decidEdly less so and may 
even make them stimulative en ammonification. 
OONOLUSIONS. 
The conclusions which may be drawn from this work are as 
follows: 
1. Calcium carbonate applied at the rate of 0.6% proved 
highly stimulating to the ammonifiers. 
2. Sodium carbonate, at the rate of 0.2 %, sodium bicar-
bonate at the rate of 0.1 % and sodium sulfate at the rate of 
0.5% proved toxic to ammonification. 
3. Calcium carbonate apphed with these amounts of "al-
kali" salts and with 0.01 % sodium ,chloride removcd the toxicity 
of the salts in all cases and in some instances made the toxic 
~mounts of salts actually stimulative to ammonification. 
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